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AN ANALYSIS OF BASE-LEVEL CONDUIT SEDIMENTATION IN SOUTH 
CENTRAL KENTUCKY 
Benjamin W. Tobin August 2007 59 Pages 
Directed by: Stephen Kenworthy 
Department of Geography and Geology Western Kentucky University 
In karst basins, significant amounts of surface-derived sediment can enter into 
cave systems. The transport and deposition of these sediments in underground streams is 
a function of flow velocity, sediment supply and passage morphology. Changes in the 
surface environment can affect the water and sediment supplies to subsurface drainage 
systems and thus may be reflected in the sedimentary structure, texture and rates of 
deposition of cave sediments. 
Cave sediments in two south central Kentucky caves were studied to evaluate a 
possible, relationship between variations in deposit characteristics and variations in 
surface changes, including land-use. Samples were collected using coring tubes to 
preserve the structure within the sediment. The structure was documented visually, 
recording distinct changes in the layering. The textural variations were determined 
through sieving samples at 5 cm intervals. Passage morphology was documented through 
detailed mapping of the passage in the vicinity of the sediment banks. Rates of deposition 
were determined through Cesium and Carbon isotope analysis of the sediments and these 
dates were then compared to major changes in land-use in the drainage basin. It was 
determined that the character of sediments deposited at particular locations likely 
depends on the distance from the source of sediment, passage geometry and surface land 
use history. 
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Chapter 1 
Introduction and Background 
Introduction 
As human society develops and population grows, increasing environmental strain 
makes it essential to develop an understanding of connections between natural resources 
and environmental change. Within the state of Kentucky a predominant physiographic 
region is karst: regions where the topography is dominated by dissolution of soluble rock, 
with primary drainage through subsurface streams and associated geomorphic features, 
such as sinkholes and caves (Palmer 1991). As humans intensify or change land-use 
patterns within the groundwater drainage basins in this region, those changes impact the 
subsurface. One potential indicator of this change is the amount of sediment entering the 
cave streams. Changing surface practices could increase the amount of suspended solids 
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of contaminants entering the system (Anderson 2002). As observed in surface river 
systems (Brush 1999) and karst aquifers (Rice 1982), this contamination could impact the 
ecology of the cave streams. 
It has been established that human activity within caves has an impact on cave 
environments (Weiner et al. 2002, Knutson 2003), but what role surface activities have 
on subsurface sediment transport in karst aquifers is not entirely understood. In order to 
better understand and manage our surface activities in karst regions, it is critical to 
understand what role our surface land-use practices have on cave systems and their 
associated aquifers. Not until an understanding of this relationship is reached can 
effective conservation plans for subsurface features be established. The goal of this 
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research is to characterize sediment deposits in cave streams and examine potential 
factors that may influence cave stream sedimentation in the karst region of south-central 
Kentucky. This was done though sampling and analyzing cave stream deposits from two 
sites and relate differences in deposit characteristics and rales of deposition to differences 
in the character of the two sites and to differences in land use history. 
Land-use and River Systems 
The effects of land-use can be seen in surface streams and rivers throughout the 
world. Increased sediment loads, pesticide run off, and animal-waste have all been found 
within surface water systems and can be attributed to increased human resource-use. On 
the Cosumnes River in California, for example, Florsheim and Mount (2003) found a 
clear distinction between sediments deposited prior to settlement and those deposited 
after the land was developed. They found three distinct periods of deposition primarily 
related to anthropogenic forcings. Prior to major human disturbance, sediments in the 
floodplain of the Cosumnes River wei'e primarily clays interlayered with thin beds of fine 
sand. This period also exhibited a deposition rate of approximately 3 mm per year. As 
human disturbance increased during the next time period, the majority of the deposits 
were sandy clays. The resulting differences in sediment texture were a function of 
changes in human land disturbance. Increased sediment load, primarily through 
increased coarse-grained sediments, caused a much faster rate of deposition around 25 
mm per year. 
Once levees were constructed along the river, another change was noticed in the 
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floodplain sediments. Through channelizing the river, velocity increased during flood 
events and the water did not spread out over the flood plain. This forced sediment to 
remain in suspension, minimizing sediment deposition along the flood plains. Recently 
however, with intentional breaching of the levees, sedimentation has again increased on 
the floodplain. Currently, the deposits are dominated by medium to coarse sands with 
thin, finer layers interbedded between coarser ones. 
Pasternack et al. (2001) analyzed the stratigraphy and paleoecology of deltaic 
deposits in the Chesapeake Bay to determine if similar relationships between land use or 
environmental change and sediment deposition exist. Their research found that there 
were noticeable changes in sediment supply to the delta region producing a succession of 
habitat in a single sediment core. From this, Pasternack et al. determined that 
sedimentation rates had varied drastically over the last two hundred years. They 
attributed this variation to land-use change or changes in hydroclimatological variability. 
However, in this system there has been no recorded impact of variations in hydroclimate 
on sediment accumulation, so their conclusion is that land-use is the primary cause of 
variations in sediment supply. Other research throughout the world has also linked 
increased sediment loads in streams and rivers to land-use changes within the drainage 
basin (Gilbert 1917; Gottschalk 1945; Costa 1975; Knox 1977; Sidorchuk and Golosov 
2003; Kondolf et al 2002, Jacobson and Gran 1999). 
Cave Sedimentation 
Karst regions generally have relatively little surface drainage, as much of the 
precipitation sinks into the subsurface and flows through a network of underground 
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conduits. These subsurface rivers can have turbulent flow that can transport sediments 
supplied from surface environments (White 1988). Within these conduits, two types of 
sediment are present: autochthonous sediments that are formed within the cave and 
allochthonous sediments brought into the system from surface environments (Ford 2001). 
Three forms of autochthonous sediments are primarily found within a cave environment. 
The two most apparent forms are 1) breakdown, large boulders and smaller debris that 
have fallen from the ceiling, and 2) speleothems, deposits of calcite or other minerals 
from reprecipitation of dissolved rock. The third type of autochthonous sediment found 
within the system is an insoluble residue left from dissolution, such as chert and clay 
(White 1988 p. 220-221). These residual sediments are assumed to be deposited at a 
much slower rate than allochthonous sediments and are assumed to be negligible relative 
to surface-supplied sediments in this study. 
Allochthonous sediments found within a cave stream are generally composed of 
eroded rock and soils found within the drainage basin, brought into the cave by wind or 
water. These sediments and autochthonous breakdown are both likely to be found within 
sediment deposits of cave streams. In general, allochthonous sediments are smaller and 
more rounded, having been transported via water. The breakdown present within the 
caves is likely to be much larger and more angular in shape. The fine sediment deposits 
that are the focus of this study are thus likely to consist primarily of allochthonous 
material. 
Progress has been made in understanding the relationships between karst aquifer 
hydrology, conduit geometry, and the characteristics of sediments associated with 
different conduit types. For example, in a study of the erosional history of the Cheat 
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River Canyon in central West Virginia, Springer and Kite (1997) were able to determine 
the sources of cave sediments within cave systems along the canyon. They found a 
correlation between cave type and type of sediment. In maze caves, which form at the 
water table, silts and clays were the predominant sediment due to the influx of suspended 
sediments during back-flooding events on the Cheat River. Conduit caves, which are 
primarily river or abandoned river passages, on the other hand, have predominantly sandy 
sediments. These conduits act as tributaries to the surface river and, due to the higher 
water velocities and lack of backwater flooding, sediments are coarser. 
In an attempt to understand controls on sedimentation and cave growth within 
Mammoth Cave National Park, Granger et al. (2001) studied the incision rate of the 
Green River. Using cosmogenic dating, they determined that fluvial incision was a major 
controlling factor for both sedimentation and cave growth. As the river continues to 
incise, it increases the gradient of cave streams, which increases the ability of streams to 
move sediments. Similar work has been conducted in a number of other regions including 
the Sierra Nevada of California (Stock et al. 2004) and the Cumberland Plateau 
Escarpment (Sasowsky and White 1995). These studies show that the gradient of cave 
streams controls the size and amount of sediment that the system is capable of 
transporting and thereby affects the volume and texture of sediment deposits in different 
cave settings. 
Although research has been conducted analyzing relationships between cave 
morphology, passage type and sediment deposition, little research has been done relating 
variations in sediment supply to sediment deposition within cave systems. Ford (2001) 
described different modes of sediment transportation and what may be learned from 
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studying them. Within caves such as those in the study area, there are three primary 
modes of transportation: wind, translocation, and collapse. Wind blown sediments are 
located primarily in entrance environments with few exceptions. Sediments transported 
by water get into the cave primarily by two processes, translocation and water driven soil 
erosion. Translocation is the slow movement of small amounts of water and mud through 
cracks in overlying bedrock. This mode inputs a relatively small amount of sediment into 
cave systems and is associated with sediment filled sinkholes, which are a major source 
of sediment input in the study region. However, water driven soil erosion moves larger 
amounts of sediment into the cave streams over a much shorter time frame. The water 
brings the eroded soil into the system primarily through open throat sinkholes and cave 
entrances. Collapse also provides a mechanism for inputting sediments into caves in the 
study area. Not only does it increase the amount of sediment in the cave directly, it also 
can open pathways for sediments to enter the cave systems. Overlying sediments and 
strata collapse into cave passages, increasing the size and number water and sediment of 
recharge points into the cave systems. These connections between the surface and 
subsurface are larger than those created associated with translocation, allowing for 
greater fluxes in water and sediment into the systems. Thus, both soil-plugged and open-
throat sinkholes are predominant pathways for allochthonous sediments to enter the cave 
streams. 
The United States Department of Agriculture, Soil Conservation Service (1938) 
found that in the karst regions of Kentucky, soil erosion is a major source of sediment 
both in surface drainages and entering the subsurface cave systems. Torrential 
downpours during summer months and a relatively impermeable B-horizon of the soils 
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forced the water to flow over the surface to sinks. Gullies have formed throughout the 
area as the topsoil has been eroded away into nearby sinkholes and into the cave systems. 
Sedimentary deposits in cave systems can provide a wealth of environmental 
information. As with surface environments, relationships between grain-size and water 
velocity thresholds for sediment deposition can reveal a history of varying water 
velocities and depositional environments from deposits (Springer and Kite 1997; Ford 
2001). Variations in the mineralogical make-up of deposits can signify variations in 
sediment sources. Within the study region, clastic sediments have a relatively uniform 
mineralogical make-up (Palmer 1981 p. 124-128); therefore variations in sediment texture 
and deposition rates are likely to be more useful indicators of land-use effects on 
sediment supply (e.g. Florsheim and Mount 2003). 
Research Question 
In the karst basins of south-central Kentucky, significant amounts of surface-
derived sediment can enter into cave systems through a number of pathways, brought in 
by surface runoff (Curry 2003). The amounts of sediment entering the system may be 
sensitive to land-use change within the basin, and thus may reflect surface change via the 
subsurface sedimentary record. Does the amount of sediment entering these systems 
exhibit a relationship to land-use change, and is that change recorded in the sediment 
deposits within the cave system? It is possible that human activities have increased 
sedimentation within cave streams just as these changes have impacted surface streams. 
However, if other factors are more important in controlling subsurface sedimentation than 
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variations in allochthonous sediment supply, then there may be little or no correlation 
between land-use and sedimentation in the cave systems. 
To lest these ideas, cave sediments were analyzed from two locations in south-
central Kentucky to determine if cave stream deposition records a recognizable land-use 
signal. The stratigraphy of sediment deposits within the stream passages were analyzed 
and temporal variations in sedimentation rates were estimated using two isotopic 
methods: 137Cs and 14C. These data were then compared with historical land-use data to 
correlate changes in sedimentation rates and sediment texture with changes in land-use. 
Using this information, a conceptual model of the factors influencing sedimentation rates 
in karst conduits was created. 
Chapter 2 
Study Area and Mediods 
Study Area 
The Pennyroyal Plateau of central Kentucky consists primarily of Mississippian-
aged limestones. A part of this region, between the Barren and Green rivers, has been 
extensively studied and includes over 800 km of cave passages that have been explored 
and surveyed. The world's longest known cave system, Mammoth Cave, is located 
within this region. Within this area, the aquifer has developed within a 160 m thick 
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section of nearly flat lying, Mississippian limestones of the St. Louis, Ste. Genevieve and 
Girkin formations. These limestones are mixed with thin chert beds and layers of 
dolomite and in the northern section of this region are capped by clastic rocks (Palmer 
1981 p. 59-60). South and east of the Pennyroyal plateau is an area referred to as the 
Barrens. This grassland area is a sinkhole plain of Mississippian limestones. 
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The cave systems within the study area are extensive, and in some locations breakdown 
and speleothems are major deposits. However, in the study areas, there is minimal 
breakdown present, the nearest major breakdown deposits are roughly 200 meters away, 
and no major speleothem deposition. Eventually these subsurface streams reemerge as 
springs along either the Green or Barren Rivers. The cave streams chosen for this project 
were in State Trooper Cave, which is a major tributary to the Lost River System in 
Bowling Green, Kentucky, and Logsdon River, a major branch of the Turnhole Bend 
drainage basin and part of Mammoth Cave, partially located within the national park 
(Figure 1). 
Figure 3: Cross Section of State Trooper Entrance location 
State Trooper Cave 
State Trooper Cave is located within the 143 square-kilometer Lost River Basin 
on the Pennyroyal Plateau in southern Warren County, Kentucky (Groves 1987). This 
basin includes the majority of Warren County south of Bowling Green; however, State 
Trooper Cave is a tributary to the system, draining only a portion of the county west of 
Bowling Green. The cave is located in the sinkhole plain of the St. Louis Limestone, 
south of the Dripping Springs Escarpment (Figure 1). The majority of the surface of the 
drainage basin has traditionally been agricultural land, however as Bowling Green has 
Fine Sediments 
Sand 
Water 
Figure 4: Cross-section of State Trooper terminus location 
developed and expanded south and west, more of the drainage basin has been changed to 
industrial, commercial, and residential land. 
Much research has been conducted on water-quality issues associated with land-
use practices in this basin. Due to the presence of industry and urban development within 
the basin, many contaminants have been found within the ground-water system, 
disturbing the ecosystem. This well documented urban karst region provides an excellent 
location to examine the effects of land-use on sediment deposition within the cave 
systems (Rice 1982, Baize 1990). 
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Sediment deposits at two sites within the cave were analyzed (Figure 2 and 3). 
The sediment bank in the entrance area (Figure 2) is located at a bend in the stream 
within 50 meters of a sinkhole entrance to the system. The passage in this location 
contains a meandering stream and the sample location is on a point bar near the apex of a 
meander. This passage at this location shows a distinctly different cross-section than 
seen in the other sample locations (Figure 3). Near the terminal sump of the cave, another 
sediment bank was analyzed. This bank displays a distinct trapezoidal cross-section 
(Figure 4) and is in an area of the cave that experiences relatively frequent flooding. 
Kentucky have been implemented 
for close to two hundred years, 
although the concentration of 
activity has increased over time 
(Table 1). Prior to the late 
1700s, the area was primarily 
used as hunting grounds for the 
Native Americans in the region. 
Europeans first settled the Lost 
River Basin in the late 1780s. 
Initially much of the area was 
used as farmland as were the 
State Trooper Land-Use History 
The current land-use practices in south-central 
Table 1: Major Historic Land-use Change of Warren County. 
Date Event 
1797 Formation of Warren Co. 
1799 First Town lots in Bowling Green sold 
1810 Bowling Green pop. 98 
1827 Stage coach roads built to Louisville and 
Nashville 
1850 Railroad and 3 depots built in Warren Co. 
1862-1867 Army occupation - abused resources, destroyed 
roadways 
1890 Major increase in livestock production (major 
hog producing area) 
1930 WPA projects: Bowling Green Sewer system 
installed 
1940 Largest employers: Western Kentucky Pet 
Milk: 140 
Teachers College: 125 
1941 Union Underwear Factory and GE Ken-Rad 
factory open plants: each employs 900+ 
employees 
Present Continued urban and coinciding residential 
development spreading from Bowling Green to 
surrounding area 
barren regions of the Logsdon area (Davidson 1840). The city of Bowling Green is 
located on the Barrens and was surrounded primarily by agricultural lands. Until the 
early 1940s there was minimal industrial development in the drainage basin. Since that 
time however, major development of both industrial and residential areas within the 
drainage basin has been on going. 
Logsdon River 
The Logsdon River section of Mammoth Cave is located near the southern extent 
of the Big Clifty Sandstone caprock, a layer of sandstone protecting the underlying 
limestones, near the Dripping Springs Escarpment (Figure 1). Drainage is from both the 
caprock and the surrounding sinkholes within the 25 square kilometer surface drainage 
basin (Figure 5). Logsdon River, along with the Hawkins River, makes up a portion of 
'Snt**' Legend 
sinkhole 
Lngsdon Rwer 
Infered fbw (dye races) 
rurnhob Bend 
cfainagedwde 
Fbssible drainagedwide 
Figure 5: Logsdon River Basin 
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the Turnhole Bend Basin, which is a major tributary system to the Green River (Palmer 
1981 p. 81-83). Surface water within most of the drainage basin flows down the ridges, 
on top of the sandstone, until it reaches the limestone layers underneath. Here the water 
sinks into the ground, eventually flowing into the Logsdon River. The rest of the water 
recharging the Logsdon River is from water sinking through sinkholes on the 
Mississippian Plateau, near Cave City, including a section of Interstate 65. 
The location studied in Logsdon River was well over two km from a major 
surface sediment source, providing a location presumably buffered from the surface 
environment. The sediment bank is located approximately 20 meters upstream of the 
confluence of the Logsdon and Hawkins River in an approximately 50 m-long straight 
stretch of passage. The sediments found at this site include sands along the streambed and 
fine sands to clay-size sediments forming mud banks. These banks are similar in size to 
those seen in downstream location of State Trooper Cave (Figure 6). Within the 
sediment banks, the majority of the sediment is above the normal, low-flow water level 
0 5 m Fine Sediments 
Sand 
Wafer 
Figure 6: Cross- Section of the Logsdon River Passage 
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and only covered by the river during flood events. 
This drainage basin has undergone drastic land-use change due to European 
settlement in the basin. Prior to European settlement, the land was primarily forest on the 
hills north and west of the Dripping Springs Escarpment on the Pennyroyal Plateau and 
tall grass prairie to the south and east in the Barrens. Today, the area is dominated by 
grazing land interspersed with wooded regions, with small pockets of development 
around the edges of the basin (Pfaff 2003). 
Logsdon River Land-Use History 
The first major influx of European settlers into the Logsdon River Basin occurred 
in 1796 as Revolutionary War veterans collected land grants given for service in the war 
(Table 2). Since Table 2: Major Land-use Change in the Logsdon River Drainage Basin 
then, farming, grazing, 
logging, and, to a lesser 
extent, urban development 
have been the predominant 
land-use activities. 
Reworking of the surface 
materials has been 
predominantly influenced by the intensity and spatial extent of these practices. In the 
early 1800s, much of the land was similar to what is seen inside and adjacent to 
Mammoth Cave National Park today: an area dominated by thick prairie on the lowlands 
Date Event 
1796 European pioneers begin to settle wooded upland 
regions: removing timber for homes, and clear land 
for grazing and farming. 
1827 Stagecoach road built through eastern portion of 
drainage (near present day Cave City). 
1850 L and N railroad begins construction near 
stagecoach road. 
1850-1859 Railroad stimulates economy, increases farming, 
and grazing in basin. 
1941 Formation of Mammoth Cave National Park 
1940- present Minor expansion of residential areas 
1940- present Minor grazing and farming changes, improved 
techniques 
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and timber in the hills. As settlers spread into the prairie region, known as the Barrens, 
many began to raise cattle and swine and to grow tobacco (Davidson 1840). 
The first settlers into the drainage basin settled in the timbered section of the area. 
Logging was a dominant activity as settlers began to build homes, prepare fields for 
livestock and log commercially. The decrease in surface cover could potentially have 
affected the amounts of sediment entering the cave systems. In karst areas that are 
undergoing logging today, similar sediment loading is seen. Curry (2003) suggested that 
larger amounts of sediment enter caves in logged regions compared to areas where no 
logging has occurred. 
The headwaters of the Logsdon River on the Pennyroyal Plateau have also seen 
extensive land-use change. In this area of the drainage basin, construction of a turnpike 
connecting Louisville to Nashville began in the early 1840s (Davidson 1840). This road 
has continually been improved since then and today is a major US highway. Within this 
drainage basin, although commercial and urban development exists, grazing and farming 
have been the dominant land-use since the initial settlement of Europeans in the region. 
Methodology 
To understand the mechanisms of sediment deposition and their relationship to 
land-use, the composition and sedimentary structure of fine sediment banks in these karst 
conduits were documented and analyzed. Passage and deposit geometry, vertical 
variations in sedimentary structures and textures, and ages of datable horizons within the 
deposits were documented to determine the chronology and environment of 
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sedimentation. These depositional patterns were then compared with available land-use 
change data to determine any correlation between surface changes and variations in 
underground sedimentation. The sediment data were also compared with existing 
hydrologic data from the Bowling Green Airport and the Green Rivers in order to 
determine if a relation exists between cave stream sedimentation and these surrogates for 
cave stream flow rates. 
Sedimentary Analysis 
To aid in the correlation of cave-stream deposits to surface changes, stratigraphic 
variations in structure of the sedimentary deposits were documented and analyzed. Two 
methods were used to compile a stratigraphic column of the sediment. First, cores were 
taken in order to get a high-resolution analysis of the sedimentary structures within a lab 
setting. Once the cores were extracted, the stratigraphy was field documented in order to 
better understand the bedding geometry and to aid in producing a depositional model. 
Field Methods 
Eight-centimeter diameter cores were taken from sediment banks within both of 
the caves. These cores were taken using PVC piping for push cores. Cross-sections of 
the passage and dimensions of the sediment banks were surveyed at these locations. Field 
descriptions of the sediment banks were created by digging trenches into the deposits to 
provide insight into the change in the geometry of bedding planes within the sediment 
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bank relative to the cave passage. Exposures of the sediment beds were photo-
documented (Appendix 2) and major changes in angle of sediment layers, texture, and 
other variations in sedimentary structure were recorded. 
At State Trooper Cave, two cores were taken from different locations within the 
cave. One core was taken near the entrance area, presumably providing a location with a 
strong relationship to the surface environment. Using grain size charts, two distinct types 
of sediments were found within the 
entrance area of the cave: 1) Sand to fine 
gravel lining the streambed and 2) finer 
grained sands, silts and clay-size 
sediments in banks, flanking the stream 
channel (Figure 3). This core was also 
used to determine the relative age of the 
• 1 
sediment using Cs. The core was taken 
to a depth of 0.5 meters, the water level at 
the time of sampling. A trench was also 
dug into the sediment bank to aid in the analysis of the sedimentary structures down the 
sediment bank. The second core was taken from near the downstream terminus of the 
cave, providing a location approximately 1.5 km from the natural entrances, relatively 
buffered from the surface environment. This core was taken to a depth of 0.65 meters, 
also the water level at the time of sampling. This study site showed the same distinct 
sediment deposits are found as seen in the entrance area; primarily sand deposits within 
the stream channel and silts and very fine sands, silts, and clay-size sediments forming 
0 3m Fine Sediments 
Si i.l 
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Figure 7: Logsdon River core locations: Dashed 
lines show extent of trench. 
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the sediment bank (Figure 4). 
From the Logsdon River site, two cores were taken from the same cross section of 
the cave (Figure 7). Core one was located 0.5 meters from the edge of the water on top 
of the bank. Core two was located 0.6 meters further up the sediment bank. These cores 
were used for analysis of the sedimentary structures and textural variations. At this 
location, a trench was also dug into the sediment bank and samples were taken at 15 cm 
intervals to a depth of 1.25 meters for cesium analysis. Observations of stratigraphy 
along the walls of the trench were also used to aid in the analysis of sedimentary 
structures. 
Laboratory Methods 
The cores were then taken to the laboratory and prepared for analysis by drying 
them at room temperature and then cutting the cores in half; one half remaining intact for 
structural analysis, and one split into smaller sections for textural analysis. The intact 
halves of the cores were visually examined, documenting sedimentary structures, 
thickness of beds, and changes in texture down the column. All of these data were 
recorded in photographs and sketches of the columns. 
The remaining halves of the sediment cores were cut into five-centimeter lengths 
to analyze for systematic variations in texture. Each sample was then separated and 
reduced to loose grains using a mortar and pestle. One hundred gram samples from State 
Trooper Cave and fifty-gram samples from Logsdon River were weighed and sieved at 
half phi increments for the Logsdon River samples and at whole phi size increments for 
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the State Trooper samples. The finest sieve size used was 63 (rm, thus the fine (silt and 
clay) portion of the grain size distribution was not determined in detail. Each sieve 
fraction was then weighed to determine the percent weight. Using this method, the grain 
size distribution in Logsdon River was found to be similar to a previous analysis in the 
study area (Bosch and White 2004). Prior to sieving the State Trooper entrance core, a 
portion of the sediment was separated for cesium analysis. 
Cesium-137 Dating 
The sediments were analyzed to determine a late twentieth century sedimentation 
rate using a cesium-137 technique. Cesium is not a naturally occurring element; its 
presence worldwide is due to testing of hydrogen bombs. Atmospheric testing allowed 
the radioactive element to spread globally. As testing continued, cesium began to deposit 
and accumulate in soils. Its measurable appearance in the environment has been proven 
to date to 1954 (Ashley and Moritz 1979). 
Cesium dating has been developed as a technique to determine both erosion and 
deposition rates in surface environments (Ritchie and McHenry 1990). The first use of 
this technique in karst regions was in east Tennessee (Turnage et al. 1997). Curry (2003) 
then applied the technique for analyzing deposition rates in subsurface environments. 
For this project, samples were analyzed using a high-purity germanium detector to 
get raw activity counts, following the protocol developed by Curry (2003). In order to 
obtain a rate of deposition, the amount of cesium is not critical; the important data to 
record are the presence or lack of cesium. Once the lower boundary of the cesium is 
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found, a minimum average depositional rate since 1954 can be established. If a boundary 
between the presence and lack of cesium is found within the deposit, the inferred post-
1954 deposition rate constrains the frequency of any layering evident in the sediment 
deposits and can be used to assess the effect of land-use changes on sedimentation rates 
since 1954. 
Analysis of Sedimentation Rates in Relation to Land-use History 
In order to analyze the relationship between land-use and sedimentation, a record 
of land-use change for the two drainage basins was developed. To create a chronology of 
change, city, county, and all other available historical records from Warren, Edmonson, 
Barren and Hart County were analyzed to find dates for major shifts in land-use and for 
major events that may have affected sediment supply to the subsurface (Tables 1 and 2). 
Events such as major road development, massive influx of agriculture, large scale 
industrial development and other general shifts in land-use where used to create a land-
use chronology of events within both drainage basins. 
The relationship between land-use history and sedimentation history was 
primarily determined qualitatively. Using the relative depositional rates determined by 
the cesium analysis and a single radiocarbon date from a previous National Park Service 
investigation at Logsdon River, major land-use changes were examined to see if they 
correlated to changes in sediment deposition. This was done by determining the 
timeframe of sediment deposition and observing if any major land-use changes occurred 
during the time of deposition. Due to the lack of high-resolution sediment deposition 
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rates, no statistical tests were performed to quantify this relationship. 
Analysis of sedimentation in relation to hydrologic data 
To understand another potential cause of variation in sediment deposition in 
subsurface streams, daily stream flow data from USGS stream gauging stations on the 
Green River at Munfordville (1915 to 2004) and Kentucky State Climate Center 
precipitation data for Bowling Green (1984 to 2003) were used as surrogates for 
variations in stage and discharge in the cave streams. Using Microsoft Excel, 
correlations between characteristics of the sediment deposits and discharge from nearby 
rivers were determined. The primary goal of this analysis was to determine if a statistical 
correlation could be found between the surface changes and the characteristics of 
sediment deposits. When possible, discharge data were compared with the vertical 
variations in sediment texture and thickness of sedimentary layers. It proved to be 
difficult to constrain variations in sedimentation rate at a high-resolution. 
To analyze the correlation between stream discharge and the characteristics of 
distinct, recurring sedimentary layers ("series"), found within the State Trooper entrance 
sediment deposits, it was assumed that each series represented a discrete discharge event. 
For this analysis, rainfall was also correlated to sedimentary series, assuming a positive 
correlation between amount of rainfall and size of discharge events. In Logsdon River, 
where such series were not distinguishable, the correlation between sediment size and 
average discharge was determined for segments of the upper portion of the deposit by 
assuming a constant rate of deposition. To constrain these analyses, the cesium-137 and 
existing carbon-14 data were used. Within Logsdon River, the cesium data provide a 
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maximum rate of sediment deposition since 1954. Based on this deposition rate, the 
upper portion of the sediment deposit corresponding to the last 90 years of deposition was 
compared to the entire 90-year hydrologic data set at Munfordville. 
To conduct the analyses with the stream flow data, a number of assumptions had 
to be made. First, due to flood control dams upstream of both gauging stations, it was 
assumed that fluctuations in discharge were primarily a result of precipitation in the 
drainage basin as opposed to variations in the amount of water released from the dams. 
The second assumption is that the rainfall events are of proportional amounts and occur at 
similar frequencies between the cave drainage basins and the river drainage basins. It is 
also assumed that variations in discharge on the rivers are proportional to the variations in 
discharge within the cave streams. Finally it was assumed that flood events primarily 
cause sediment deposition and not erosion. At Logsdon River, these same assumptions 
were used to compare variations in sediment grain-size distribution to discharge. 
However in this case it was also assumed that variations in grain size reflect variations in 
discharge because stronger discharge events are able to carry larger grained sediments to 
the study area. The discharge data were used rather than precipitation data because the 
data sets were more complete over the time periods analyzed. 
Precipitation data for the Bowling Green area were used because fewer 
assumptions were made in conducting the analysis than were needed to compare river 
discharge with cave stream discharge. The primary assumption was that the size and 
frequency of precipitation events correlated with the frequency and size of increased 
discharge events within the cave stream. These data were used to compare flood events 
with the thickness of sedimentary series present within the sediment deposits. 
Chapter 3 
Results 
State Trooper Cave Study Area 
Sedimentary Structure and Texture 
The sieved samples from both cores show that the sediments in State Trooper 
Cave were primarily fine sands, silts and clays (Appendices 1 and 3). The 90lh percentile 
(dgo) of the grain-size distribution of the entrance core and 50lh percentiles (dso) of the 
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Figure 9: State Trooper d50 and d ^ values 
grain-size distribution of the downstream sump core showed a slight fining down the 
sediment core, with the coarsest sediments just below the surface of the sediment bank 
(Figure 9). The sump d90 graph shows a relatively consistent grain size throughout the 
core with only a few points that vary significantly. The entrance d50 curve, however, 
shows an oscillating pattern down the core. 
Visual analysis of the entrance area core provided some information regarding 
sediment deposition. A repeated vertical series of texturally and structurally distinct thin 
laminae was found within the core to a depth of approximately 15.5 centimeters. A series 
of laminations consisting of medium to fine sands and silts, overlain by fine laminations 
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Figure 10: Diagram of repeating sedimentary 
structure pattern 
of silts and clay-size particles, underneath 
a layer of cross-bedded fine sands was 
seen to repeat down the core (Figure 10). 
Within the upper 15.5 centimeters, 50 such 
series were identifiable, with an average 
thickness of 0.3 cm and a maximum 
thickness of 0.7 cm (Figures 11 and 12). The repeating nature of these laminae suggests 
that each series is related to an individual event. 
If these repeated sedimentary series are associated with individual flood events, 
then the number and thickness of the series may reflect the frequency and magnitude of 
flood events. Below a depth of 15.5 centimeters, the core exhibited some layers but, 
possibly due to overlying burden or other factors, some areas of the core contained no 
Figure 11: Photo of upper 10 cm of State Trooper 
Entrance Core 
Stq lkti ot Thi di n esses 
U • • I [T: 'PCore 
• -
r 
16dcrn 
Figure 12: Thickness of sedimentary 
sequences down the entrance core 
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visible layers and in other areas the sedimentary structures were undistinguishable. The 
core from the downstream terminus of the cave showed no distinct stratification with a 
very few other distinguishable sedimentary structures such as cross bedding and laminae. 
Depositional Rates 
Radiometric analysis of the entrance area core showed that cesium was present 
throughout the sediment bank, down to at least the water level, a depth of 50 cm (Figure 
13). The error bars associated with this graph represent the potential uncertainty of the 
cesium counts for each 
depth interval. This 
pattern suggests that all 
of the sediment in the 
bank has been deposited 
since 1954, indicating a 
net deposition rate of at 
J C ? C? G« , C<= G« , , G<= 
if CP N* ^ V V V • J? & 
Sedirrert Depth (cm) 
least one centimeter per year Figure 13: Cesium intensity above background 
over the last 50 years. The cesium analysis in this case determines the slowest possible 
deposition rate. It is, however, possible that the deposition rate has been much greater, 
with the sediment being deposited over a much shorter time period. This rapid deposition 
is probably associated with the rapid increase in industrial and residential development 
within the drainage basin over the last fifty years. However the cesium data in this case 
do not permit high temporal resolution analysis of the effects of recent land use changes 
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on deposition rates. 
Although there is cesium present throughout the core, there is an obvious 
variation in the amount present in each section of the core. This variation appears to 
correlate well with the dgo grain size graph (Figures 9 and 14) with the coarsest sediments 
containing the least amount of cesium. 
In locations removed from entrance or sink environments, Curry (2004) found 
cesium layers interbedded with layers without cesium. Curry's analysis however, does 
not analyze the grain size of the deposits. Cesium has a tendency to mobilize in coarser 
grained sediments and associates best with clay particles. As seen in the State Trooper 
entrance core, in layers with larger amounts of medium- to fine-sands the amount of 
cesium present was less than in primarily silt and clay-sized layers. 
Logsdon River Study Area 
Sedimentary Structure and Texture 
The sedimentary lamination series that were present within the State Trooper 
entrance core were not obvious within the sediment banks at Logsdon River. Thin layers 
of cross-bedded 
sands (1-5 mm in 
thickness) were 
found throughout 
the sediment bank, 
and laminar layers 
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Figure 14: Logsdon River d^) and d ^ values 
31 
were also present. However, medium-grained sand layers and distinguishable 
sedimentary series were absent. Within both Logsdon River cores and the trenched 
sediment bank, filled vertical cracks occurred at frequent intervals. These are most likely 
filled cracks associated with slumping of sections of the sediment as the stream undercuts 
the bank. 
The grain size distribution of core one, closest to the active stream channel, 
showed primarily fine-grained sands, silts and clays (Appendix 1). The core also showed 
a distinct change in grain size downward with an oscillating pattern overprint. Over the 
upper 20 cm, the median grain size (d^o) and dgo curves decrease by a factor of two 
(Figures 14). The same oscillating grain size pattern was present in the second core, but a 
coarser surface portion was not identified (Figure 14). This difference between the two 
cores is possibly due to their location relative to the active stream channel. During flood 
events, the highest velocity of the stream is in the center of the passageway. As the 
velocity decreases ... „ ~ J
 Figure 15: Cesium intensity vs. depth 
3000 • , . , . . , „ . „ ... 
towards the edges of the 
passage, velocity and 
the ability to transport 
sediment decrease, 
leaving finer sediment 
deposits closer to the Sediment elevation above water level 
passage walls. The oscillating pattern found in both cores may be similar to the pattern 
found in the entrance core from State Trooper Cave; a residual of the sediment series not 
visible in the core but present in the grain size distribution. 
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Depositional Rates 
Unlike the samples at State Trooper Cave, Logsdon River sediment samples from 
near the water level (1.17 meters from the deposit surface) up to 12 cm from the surface 
did not show any significant levels of Cesium above the background level (Figure 19). In 
the case of all of the samples, the potential error of the intensity reading are not 
significantly above the range of error found in the background, neutral sample. Thus the 
majority of the sediment appears to predate 1954 and the sedimentation rate since 1954 is 
less then 12 centimeters in fifty years, or less than 0.3 centimeters per year. This is a 
similar rate to that found by Curry (2004) in sediment banks in the Big Bertha section of 
Lost River Cave over the same time period. This maximum rate for post-1954 deposition 
in Logsdon River is one third of the minimum post-1954 rate estimated for the entrance 
area of State Trooper Cave. 
Scientists at Mammoth Cave National Park collected a layer of organic detritus 
from the base of the Logsdon River sediment bank for carbon dating in 2000 (Meiman, 
NPS, personal communication, 11/10/03). This sample, collected at a depth of 2 meters, 
was dated to 196 (+/- 10) years b.p. This result dated the base of the sediment deposit to 
roughly the time of major European settlement of the basin and suggests an average rate 
of deposition for the bank at 1.02 centimeters per year (0.97 to 1.08 cm/yr). 
Chapter 4 
Analysis and Discussion 
State Trooper Study Area 
Depositional Patterns and Hydrologic Forcing 
In previous research at Lost River Cave, Curry (2004) found that the number of 
sedimentary layers present in sediment banks that contained cesium corresponded to the 
number of years that had elapsed since 
cesium first became prevalent in the 
environment. This result suggests that 
the layers correspond to annual 
depositional cycles (Curry 2004). 
Within State Trooper Cave, the upper 15.5 cm of the entrance site sediment core 
likely represented no more than 15.5 years of deposition based on the minimum net 
deposition rate inferred from the presence of Cs throughout the core. Thus, the 50 
lamination sequences present in the upper portion of the entrance core do not appear to 
correspond to annual depositional cycles. The repeated variations in sedimentary 
structure associated with the lamination sequences appear to support individual 
precipitation events as the cause of deposition. These repeated series appear to relate to 
the three stages of the passage flooding: The rise in water level and associated increased 
velocity, the complete flooding of the passage and associated reduced water velocity, and 
the receding of water levels in the passage. 
Precipitation 
Averages 
Correlation 
Coefficient 
F-values 
(Critical Value: 
1.68) 
Events (1999-2002) 0 .303 3.15 
Seasonal (1986-2002) -0 .074 4 .08 
Month ly (1986-2002) -0 .357 3.01 
Annual (1954-2002) 0 . 0 0 4 7 .38 
Table 3: Correlations between Precipitation Data and 
Series Thickness 
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Figure 16: 
Average Annual Precipitation vs. Sediment Series 
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The thicknesses of the sediment series were compared to precipitation averages from the 
gauging station at the Bowling Green Airport from 1954 to 2002. First the thickness of 
the 50 lamination series were correlated with the average annual precipitation from 1954 
to 2002 (Table 3). Then the series thicknesses were correlated to the fifty months of 
highest precipitation over the last 16 years and seasonal averages over that same time 
period. This was done to determine if the laminations were due to larger scale events 
such as monthly or seasonal variations in rainfall. Finally the series thicknesses were 
compared with the fifty largest storm events from 1999 to 2002. None of these 
correlations was found to be statistically significant (Table 3). However the fact that 
correlation between series thickness and the 50 most recent large storm events was 
positive is consistent with the proposition that storm magnitude is linked to the 
magnitude of sediment supply and deposition. In addition, the very poor correlation with 
total annual precipitation tends to support the conclusion that the series are not caused by 
annual depositional cycles. Overall, this analysis suggests that some factor or factors in 
addition to precipitation must control the amount of sediment deposited in the State 
Trooper sediment banks. 
Depositional Rates in Relation to Land-use 
The cesium data suggest that the sediments deposited in the entrance area of State 
Trooper Cave have accumulated primarily since 1954. This may indicate that the rapid 
industrial development of the Lost River basin has played a major role in the increased 
sediment supply to the system. Because Cs was found throughout the cave entrance 
sediment core, it was not possible to determine the exact rate or timing of deposition and 
thus the time frame of land-use that may have an effect on deposition is uncertain. 
However, the sediment deposits in State Trooper Cave suggest that large amounts of 
sediment have been eroded from the surface environment in recent years. Variations in 
the stability and erodability of the soil associated with late 20th century industrial and 
residential development in the area are potential causes of this recent sedimentation. 
However, without additional constraints on deposition rates, and the post-1954 history of 
sedimentation, it is not possible to detail all of the factors that may have affected the 
amount of sediment deposited in the system. It is possible that the sediments within the 
cave system go through cycles of deposition and erosion, constantly removing sediment 
deposits and rebuilding them. If this process has occurred in State Trooper Cave, the 
removal of older deposits makes it difficult to identify long-term changes in 
allochthonous sediment supply and deposition rates and to link these patterns to 
hydrologic or land-use factors. 
Logsdon River Study Area 
Deposit Texture and Hydrologic Forcings 
Without significant layering in the Logsdon River sediment cores, it was 
impossible to relate the thickness of sedimentary series to hydrologic data, as was done in 
State Trooper Cave. Instead, the Green River stream flow data were compared with 
variations in grain size along the cores. Although the Green River represents a much 
larger drainage basin than Logsdon River, it was assumed that variations in discharge on 
the Green River equated to variations in discharge for Logsdon River. Assuming this 
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correlation, variations in discharge on the Green River would be related to variations in 
the grain size of sediments transported and deposited within Logsdon. 
For this analysis, the annual deposition rate was assumed to be constant at the 
maximum recent (post-1954) deposition rate inferred from the distribution of cesium, 
0.24 cm/yr. This assumption implies that there have been approximately 20 cm of 
deposition since 1915, when stream flow data collection by the USGS on the Green River 
at Munfordville, Kentucky began. Although this gauging station is approximately 20 
miles upstream of the Turnhole Spring where Logsdon River discharges, the 
Munfordville gauge was chosen because it had a longer period of record and correlated 
very closely (r=0 .89) to flow data collected at the Mammoth Cave Ferry site, located 
only a few kilometers upstream of the Turnhole Spring. 
The stream flow data were split into 
four time periods: three 22-year time 
periods, 1939 to 1960, 1961 to 1982, and 
1983-2004 and one 24-year time period, 
1915 to 1938. The longer time period is 
missing 37 percent of the data: from 1917-1923 and 1928-1929 when the gauging station 
was not in operation. The average annual discharge during these four time periods were 
then compared to the dso and dc,o values of the corresponding 5 cm increments within the 
top 20 cm of each core. 
This analysis showed significant negative correlation between long-term average 
discharge on the Green River and variations in grain size down both of the cores from 
Logsdon River (Table 4). This implies that high discharge periods on the Green River are 
Comparison 
value 
Correlation 
Coefficient 
F-value 
(Critical Value: 9.28) 
Core 1 d50 -0.522 3.61 
Core 1 d90 -0.462 1.70 
Core 2 d50 -0.610 2.01 
Core 2 d90 -0.705 3.26 
Table 4: Correlation values between grain size 
and average annual Green River discharge 
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associated with the deposition of finer grained sediments at the Logsdon River site. This 
correlation may be related to the frequency of back flooding at the convergence of the 
Logsdon and Hawkins Rivers during high discharge on the Green River. 
This analysis assumes the maximum post-1954 deposition rate estimated from the 
cesium data. In order to determine if this assumption is justified, information about the 
distribution of cesium within the upper 12 cm of the bank is necessary. If the recent 
deposition rate is much slower than that assumed, it would indicate that sediment 
deposited before 1954 accounted for an even greater proportion of the sediment deposits 
in Logsdon River, impact and the correlation between grain size and river flow would 
have to be reevaluated to determine the nature of the relationships. 
Depositional Rates in Relation to Land-use 
The radiocarbon date for the basal organic layer at Logsdon River suggests a 
strong relationship between sedimentation rate and the onset of major changes in land-use 
within the basin. The lack of cesium in the samples indicates that most of the deposit 
accumulated prior to 1954. Based on the 14C date, the sediment banks began forming 186 
to 206 years before the year 2000, a time period (1794-1814) that includes the onset of 
European settlement of the basin. The maximum deposition rate for the upper 12 cm 
(0.24cm/yr) is a factor of four smaller than the minimum rate of deposition (0.97 cm/yr) 
for the lower portion of the deposit suggested by the Cs data and 14C date. The earlier 
deposition rates at Logsdon River are comparable to the minimum value (1 cm/yr) 
estimated for the post -1954 period at State Trooper Cave. 
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The earlier deposition rate at Logsdon River correlates well with the first 
settlement and major land-use change within the basin. Although the State Trooper 
deposits do not correlate with the initial settlement of the basin, they do coincide with the 
most recent major land-use change within the basin. Thus, both results indicate that land-
use changes can play a major role in variations in sediment deposition within cave 
streams. 
Although these deposits display some similar characteristics, the sediments in 
Logsdon River did not display repeating series of thin sedimentary laminations with 
distinct variations in grain size as were seen in the State Trooper Cave entrance deposits, 
although distinct cyclical variations in grain size were present in the Logsdon River 
cores. This difference could be due to the location of the Logsdon River site relative to 
surface sources and may mean that these deposits have been gradually reworked and 
selectively moved from the original location of deposition, with finer grained sediments 
being moved more frequently and larger grained sediments only moved during high 
discharge events. Although the size distribution from both sites is similar at the scale 
they were analyzed, visual documentation of the sites showed a distinct layering of fine 
silts and clays at State Trooper Cave, while at Logsdon River, these layers of fines were 
missing from the sediment record. Since the State Trooper entrance site is closer to the 
sediment source it may be more likely to preserve a visible link to surface events. 
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Sedimentation Model 
The analysis of the deposits at these two study sites illustrates the nature of 
sediment deposition within these environments. The amount of sediment entering and 
deposited within the systems is related to three major factors: the intensity and extent of 
disturbed surface within the basin, variations in discharge within the system, and the 
morphologic and hydrologic setting of the passage in the vicinity of the sediment bank. 
As surface disturbances increase, soil is no longer held in place by vegetation. 
This soil can then be eroded and washed into the underground system through sinkholes 
and other sinking points. In State Trooper Cave this can be seen by the fast rate of recent 
deposition, during a time of major surface disturbance. At Logsdon River, this can be 
seen in association with the initial European settlement of the basin, with a similarly fast 
rate of deposition. 
Variations in the amount of sediment entering the system are also related to the 
magnitude and frequency of rainfall events. Larger events will bring more loose 
sediment into cave streams, potentially depositing more sediment along banks. The 
effect of such flood-cycles is evident in the visually documented lamination series within 
the State Trooper entrance core. In Logsdon River, the sediment appears to show a 20 to 
30 year climate-based cycle that is not visible in other data. 
It has been observed that during large flood events, much of the relatively coarse 
sediment within the Logsdon River stream channel may be washed downstream. The 
fine sediment banks, however, show only minor slumping that may not be related to these 
large discharge events (Meiman, NPS, personal communication, 2/17/04). Observations 
of the sediment banks along the passages in State Trooper Cave and in other caves in 
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south central Kentucky corroborate the observations in Logsdon River. Vertical cracking 
found within the sediment banks and cores at both study sites show that the stream begins 
to erode the sediment by slowly undercutting and destabilizing the banks, leading to 
localized sediment slumping during base flow. This allows the sediment to be selectively 
transported further downstream, as finer grained sediments are moved downstream at a 
faster rate. 
Thus, although changes in land-use and hydrologic forcing are major controls on 
the input of allochthonous sediment into karst systems, the depositional signature of these 
changes can be modified as the distance from the source increases and over time as 
deposits reach a critical volume for achieving equilibrium between deposition and 
erosion, thus restricting further net sediment deposition. As the passage has filled with 
sediment, the cross-section of the passage has decreased. This would allow for higher 
water velocities during periods when the passage is filled with water and reduce the 
amount of sediment deposited during these flood events. Once sediments enter the 
system, they will work their way downstream to more remote depositional sites. These 
deposits will be reworked and modified during subsequent flood events thereby recording 
a complex history of environmental variation and depositional processes. 
Land-use History and Sedimentation 
There are many factors that are involved in sediment deposition in cave streams. 
The goal of this research was to determine if land-use change is a major factor in 
influencing sedimentation within these environments. 
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It was seen in State Trooper Cave that land disturbance within the last fifty years 
and the subsequent introduction of the disturbed sediments into the system during major 
storm events was the primary influence on sedimentation within the entrance 
environment. Although detailed correlation between land-use and depositional history 
was not possible, it appears that the chronology of major human development in the 
catchment area is closely related to recent sedimentation. Within the entrance area, all of 
the sediment was deposited within the past fifty years. Two possible explanations for the 
predominantly recent sedimentation exist. First, little or no sediment may have been 
deposited within the cave entrance prior to 1954, suggesting that earlier landscape 
disturbance was not as severe in the State Trooper Basin as in the Logsdon River Basin 
Alternatively, there may be infrequent flood events that remove most accumulated 
sediment from the entrance site and flush it further downstream. Thus, due to proximity 
to the surface, the State Trooper Cave entrance site may experience cycles of filling and 
sediment excavation related to variations in the supply of water and sediment from the 
immediate area. Given the evidence for large sediment deposits within Logsdon River 
that are related to early settlement of that basin, it is more likely that the entrance area of 
State Trooper experiences occasional flood events that remove the sediment banks. This 
may indicate that entrance environments lack the ability to preserve long-term sediment 
records. 
In Logsdon River a similar relationship between sedimentation and land use is 
apparent, but the majority of the deposit is associated with the earlier colonial settlement 
of the basin. The pre-1954 deposition rate (~ lcm/year), inferred from the radiocarbon 
date and cesium data, is similar to the minimum deposition rate estimated for the post-
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1954 period at the State Trooper entrance. These differences in the timeframe and rates of 
deposition are likely related to differences in land use history or in the nature of the 
depositional settings of the two sites. 
It is possible that there has been less land use change in the Logsdon River basin 
over the last fifty years compared to the preceding period and that the higher deposition 
rates are primarily related to the initial major surface disturbance within the drainage 
basin. Within the majority of the drainage basin, most of the land use has remained fairly 
constant over the last fifty years that may explain the decrease in sedimentation at the 
study site. However, major land use change on the edge of the basin, which includes an 
interstate highway and urban development in Cave City, is likely to have introduced large 
amounts of sediment into the basin since 1954. Another possibility is that there is not a 
strong correlation between recent (post-1954) soil disturbance and deposition at the 
Logsdon River study site because once the deposits reached some critical volume, further 
deposition in the passage has been inhibited, thus limiting the preservation of further land 
use change impacts on cave sedimentation. If the latter explanation is valid, then the self-
limiting nature of sediment storage at the deep Logsdon River cave passage at the sites 
may result in a depositional record quite different than that preserved at the entrance of 
State Trooper Cave. 
If a large enough time lag exists between surface disturbance and associated 
sediment deposition at the Logsdon River site that recent sediments have yet to reach the 
site. These areas are further from the study site then many of the earlier land disturbances 
making it possible that these deposits have not yet reached the study site. As sediment is 
moved through the system, being eroded and redeposited, there may be a lag time 
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between land-use changes and sediment deposition at locations deep within the cave. 
During early European settlement of the area, much of the drainage basin of Logsdon 
River was actively farmed. In 1941, with the establishment of Mammoth Cave National 
Park, development within the basin began to move out into the barrens along the eastern 
edge of the drainage basin. The time it now takes to move from its source along the 
fringes of the drainage basin may be such that it is possible that the effects of recent land-
use change have not yet been seen at the study site. However, it is more likely that 
deposition rates increased in response to initial land disturbance, and then once the 
deposits reached some critical volume in the passages, further deposition has been 
inhibited, thus reducing the depositional signal of more recent land disturbance. 
The results of this study appear to indicate that there is a relationship between 
surface change and sediment deposition within caves. The strength of the sedimentary 
evidence of this relationship depends on the proximity of a sediment deposit to an 
entrance or sediment supply. As the sediment enters the system, it correlates well with 
surface disturbances, as seen in State Trooper Cave. In locations with longer sedimentary 
records, it appears that initial land disturbance correlates well with increased sediment 
deposition but as the volume of the deposits increases, a critical mass may be reached, 
limiting further sediment deposition. 
Management Implications and Directions for Future Study 
In managing the cave resources of the area, it is essential to understand all factors 
influencing the subsurface. Understanding the relationship between the amount and type 
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of sediment being deposited within cave streams and surface land-use change allows 
resource managers an opportunity to improve the health of subsurface ecosystems. With 
this information, resource managers can better focus protection and manage the 
underground resources of area caves. Through improving methods of preventing 
disturbed soils from eroding during land-use change and development activities within 
the karst drainage basins the amount of sediment entering these environments could be 
substantially reduced, decreasing human impact on these fragile ecosystems. 
In order to improve understanding of the relationship between sedimentation and 
the surface environment at these study sites, a more accurate representation of 
chronological changes in deposition rates is needed. This could be achieved by 
increasing the number of dated horizons within the sediment bank. A more detailed 
cesium analysis in Logsdon River, more 14C dates in both Logsdon River and the 
entrance site at State Trooper Cave, and identifying evidence of known chemical spills 
within the State Trooper sediment would all help to further constrain rates and timing of 
deposition. Also, to verify the assumption that the sediments within the banks are 
primarily exogenic, a study of the allogenic sediment production would be useful. 
Appendix 1: Percent Finer Graphs 
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State Trooper Entrance Core 
Percent Weight by Depth 
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State Trooper Sump Core 
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Logsdon River Core 1 
Percent Weight by Depth 
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Logsdon River Core 2 
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State Trooper Entrance Core Series Thicknesses 
Series Thickne; Total Depth 
0.20 15.5 
0.25 15.3 
0.25 15.05 
0.20 14.8 
0.30 14.6 
0.20 14.3 
0.15 14.1 
0.15 13.95 
0.20 13.8 
0.20 13.6 
0.45 13.4 
0.15 12.95 
0.15 12.8 
0.20 12.65 
0.15 12.45 
0.10 12.3 
0 .15 12.2 
0.20 12.05 
0.40 11.85 
0.20 11.45 
0.35 11.25 
0.30 10.9 
0 .25 10.6 
0.20 10.35 
0.25 10.15 
0.30 9.9 
0 .30 9.6 
0.40 9.3 
0 .45 8.9 
0.30 8.45 
0.50 8.15 
0.20 7.65 
0.40 7.45 
0.30 7.05 
0.30 6.75 
0.15 6.45 
0.50 6.3 
0.40 5.8 
0.30 5.4 
0.25 5.1 
0.55 4.85 
0.60 4.3 
0.50 3.7 
0.40 3.2 
0.45 2.8 
0.30 2.35 
0.30 2.05 
0.60 1.75 
0.70 1.15 
0.45 0.45 
Cesium Data 
State Trooper Cesium Data 
Poisson Difference Poisson 
Gross Uncertainty (1 above Uncertainty of Difference 
Sample Counts s) background difference (1 s) Error (2 s) 
Background 9860 99.2975327 0 140.4279175 280.8558349 
0-5 cm 11239 106.01415 1379 145.2549483 290.5098966 
5-10 cm 12114 110.063618 2254 148.2362978 296.4725957 
10-15 cm 10376 101.8626526 516 142.2532952 284.5065904 
15-20 cm 11224 105.9433811 1364 145.2033057 290.4066115 
20-25 cm 10914 104.4700914 1054 144.1318841 288.2637681 
25-30 cm 11104 105.375519 1244 144.7895024 289.5790048 
30-35 cm 10931 104.5514228 1071 144.1908458 288.3816915 
35-40 cm 11319 106.3907891 1459 145.5300656 291.0601312 
40-45 cm 10913 104.4653052 1053 144.128415 288.2568299 
45-50 cm 10417 102.0637056 557 142.3973314 284.7946629 
Loqsdon River Cesium Data 
Poisson Difference Poisson 
Gross Uncertainty (1 above Uncertainty of Difference 
Sample Counts s) background difference (1 s) Error (2 s) 
background 2799 52.90557627 0 74.81978348 149.639567 
water level 3220 56.74504384 421 77.58221446 155.1644289 
wl + 15 cm 3545 59.53990259 746 79.64923101 159.298462 
wl + 30 cm 3301 57.45432969 502 78.10249676 156.2049935 
wl + 45 cm 3135 55.99107072 336 77.03246069 154.0649214 
wl + 60 cm 3150 56.1248608 351 77.12976079 154.2595216 
wl + 75 cm 2990 54.68089246 191 76.08547825 152.1709565 
wl + 90 cm 3256 57.06137047 457 77.81388051 155.627761 
wl + 105 cm 3595 59.95831886 796 79.96249121 159.9249824 
Top= wl + 117 cm 
Grain Size Distribution by depth from Logsdon Core 1 
values in grams Depth Range 
s ieve s ize frr Phi size 0-5cm 5-10cm 10-15cm 15-20cm 20-25cm 25-30cm 30-35cm 35-40cm 40-45cm 45-50cm 50-55cm 55-60cm 60-65cm 65-70cm 70-75cm 
4 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2.8 1.28 0 0 0.14 0 0 0 0 0 0 0 0 0 0 0 
2 -1 2.36 0.38 1.04 0.51 0.03 0.1 0.07 0.26 0 0.02 0.01 0.04 0.08 0.03 0 
1.4 3.59 2.1 3.12 2.63 0.54 0.67 0.81 1.3 0.53 0.72 0.31 0.14 1.04 0.61 0.52 
1 0 3.3 3.25 4.78 4.7 2.07 1.64 1 83J 2.55 1.44 2.07 1.44 0.73 2.02 1.38 1.55 
0.71 4.25 4.03 5.28 6.51 4 47 2.63 3.3 3.73 2.55 3.78 3.31 1.99 2.99 2.95 2.95 
0.5 1 2 41 3.26 5.07 6.95 6.65 3.27 4.94 4.66 4.24 5.46 4.98 4.02 4.46 5.29 5.08 
0.355 2.6 2.98 4.38 5.61 6.38 3.16 5.12 4.46 5.08 5.65 4.81 4.65 4.88 5.74 5.76 
0.25 2 2.65 3 06 3.72 4.58 4.91 2.72 4.3 3.7 4.6 4.91 4.02 4.06 4.41 4.88 5.11 
0.18 2.84 3.74 3.18 3.29 3.24 1.93 3.2 2.63 3.41 3.47 3.15 3.31 3.7 3.87 4.05 
0.125 3 7.62 9.03 6.35 5.53 4.44 3.23 5.19 3.72 5.12 4.76 5.5 6.08 7.09, 5.97 6.65 
0.09 12.95 11.2 7.58 6.23 6.23 5.51 6.85 4.95 6.05 5.6 8.38 10.28 9.62 7.73 6 32 
0.063 4 12.51 11.58 7.73 5.64 8.47 7.03 8.72 6.58 7.01 6.01 9.3 11.34 8.9 8.82 5.81 
<0.063 37 69 43.93 45.9 46.04 50.93 53.61 54.03 47.22 59.08 55.92 53.48 49.45 46.65 51.47 43.77 
Total mass (q) 96.05 98.54 98.13 98.36 98.36 85.5 98.36 85.76 99.11 98.37 98.69 96.09 95.84 98.74 87.57 
Grain Size Distribution bv depth from Loqsdon Core 2 
values in grams Depth Range 
m m Phi 0-5cm 5-10cm 10-15cm 15-20cm 20-25cm 25-30cm 30-35cm 35-40cm 40-45cm 
4 -2 0 0 0 0 0 0 0 0 0 
2.8 0 0 0 0 0 0 0 0 0 
2 -1 0 0 0 0 0 0 0 0 0 
1.4 0.29 0.31 0.38 0.17 0.19 0.03 0.31 0.3 0.34 
1 0 1.09 1.29 1.25 0.51 0.95 0.37 0.66 1.37 1.72 
0 71 2.26 2.63 2.43 1.23 2.22 1.42 2 04 2.92 3.44 
0 5 1 3 13 3.06 3.18 2.12 3.03 3.34 3.49 3.75 4.3 
0.355 3.19 2.95 3.21 2.85 3.76 4.48 3.89 3.61 3 7 
0.25 2 2.55 2.44 2.65 2.65 3.09 3.69 3.56 2.63 2.7 
0.18 1.79 1.79 1.86 2.01 2.51 2.54 2.07 1.9 1.86 
0.125 3 2.61 2.62 2.83 3.07 2.77 2 75 2.5 2.35 2.26 
0.09 3.86 3.32 3.52 4.01 3.49 3.22 2.99 2.87 2.24 
0.063 4 4.71 4.01 3.73 4.27 3.73 3.84 3.88 3.47 3.19 
<0.063 24.01 24.51 24.18 26.42 23.07 25.24 24.85 22.6 23.83 
Total Mass (g) 49.49 48 93 49.22 49.31 48.81 50 92 50.24 47.77 49.58 
Grain Size Distribution by depth from State Trooper Sump Core 
values in grams Depth Range 
mm Phi 0-5cm 5-10cm 10-15cm 15-20cm 20-25cm 25-30cm 30-35cm 35-40cm 40-45cm 45-50cm 50-55cm 55-60em 60-65cm 
4 -2 0 0 0 0 0 0 0 0 0 0 0 0 0 
2.8 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 
1.4 0 0.18 0.18 0.23 0.27 0.27 0.21 0.25 0 0.05 0 0 0.05 
1 0 0.29 1.18 0.9 0.99 0.59 0.72 0.6 0.35 0.09 0.22 0.8 0.87 0.6 
0.71 1.09 2.01 2.2 2.17 2.33 2.49 2.41 2.51 1.91 1.88 2.13 1.98 1.86 
0.5 1 1.7 3.3 2.85 2.73 2.71 3.2 3.37 3.38 2.97 3.32 3.02 3.15 2.5 
0.355 2.83 3.25 3.03 2.83 2.7 3.11 3.24 3.06 2.96 3.49 3.24 3.78 3.21 
0.25 2 2.52 2.38 2.13 2.08 2.02 2.52 2.65 2.5 2.52 3.02 2.92 3.36 2.91 
0.18 1.64 1.63 1.61 1.68 1.76 1.89 1.91 1.8 1.82 2.25 2.18 2.48 2.2 
0.125 3 2.1 2.53 3.68 4.35 4.33 3.19 2.98 2.79 2.68 3.16 3.1 3.43 3.57 
0.09 2.05 2.51 4.19 4.8 4.58 3.2 2.74 2.47 2.58 2.78 2.85 2.86 3.28 
0.063 4 2.76 3.36 4.9 5.19 5.02 3.96 3.86 3.51 3.41 3.26 3.5 3.05 3.68 
<0.063 32.04 26.7 23.54 22.37 22.97 24.84 25.4 26.81 28.42 26.16 25.74 24.4 25.41 
Total Mass (q) 49.02 49.03 49.21 49.42 49.28 49.39 49.37 49.43 49.36 49.59 49.48 49.36 49.27 
Grain Size Distribution by depth from State Trooper Entrance Core 
values in grams Depth Range 
mm Phi 0-5cm 5-10cm 10-15cm 15-20cm 20-25cm 25-30cm 30-35cm 35-40cm 40-45cm 45-50cm 
8 -4 0 0.9 0 0 0 0 0 0 0 0 
4 -2 0.65 0.89 0.47 0 0 0 0 0 0 0 
2 -1 1.87 3.84 3.69 1.06 0.76 1.66 1.33 0.99 1.26 0.71 
1 0 5 56 7.88 9.72 7.29 6.21 8.15 8.66 5.64 4.85 4.01 
0.5 1 6.33 7.31 8.91 10.57 9.17 9.05 9.7 8.24 8.39 6.79 
0.25 2 7 33 7.08 7.15 9.62 9.68 8.01 8.11 9.42 8.16 8.68 
0.125 3 18.08 9 11 8.82 13.76 20.67 19.48 15.53 14.88 12.33 13.08 
0.063 4 18.24 10.8 13.9 15.51 17.85 16.24 16.1 15.57 16.37 15.44 
<0.063 41.5 51.54 46.55 40.81 34.65 36.16 39.49 44.03 47.22 49.08 
Total Mass (q) 99.56 98.45 99.21 98.62 98.99 98.75 98.92 98.77 98.58 97.79 
South Central Kentucky Land Use History 
D a t e E v e n t 
1700's hunters/explorers fol lowed Indian trails through the county 
1796-1610 Settlers begain lo move mlo area as veterans f rom the Revolutionary war collected land grants in payment for military service 
most avoided the Barrens (Bowling Green Area)- stayed in wooded areas, along water courses 
1797 Formation of Warren Co. 
early 1797 approved construction of several mills, and called lor ihe clcarmg of roadways to link all portions of llie area 
summer 1797 officials in Bowling Green arranged for the construction of a twenty by twenty-four foot, one-and-a-half story log courthouse and small lag jail 
May 1799 first town lot sold in Bowling Green, most people were farming the land, not witling to move to the (own- peopie grew tobacco, corn, other grains, l ivestock 
1810 a few stores, buildings, homes {pop. 98) in Bowling Green 
1816 Bowling Green became county seat, roads not much better than animal paths 
1827 Stagecoach route between Bowling Green, Louisvil le, and Nashvil le open 
1830-1835 tramway from Barren River !o Bowling Green green built 
1850-1859 L&N railroad built through warren county- depots. Woodburn, Bowling Green, Smiths grove 
workers established homes in BG 
Railroad stimulated economy 
Sept 1861-Feb 1862 Cofederate soldiers camped in Bowling Green-fortif ied high points in city 
Feb 1862-March 1862 A sizable union army camped in Bowling Green 
•1862-1867' Army occupation in area wore out resources, destroyed roads 
1870 hrgh hog production (4th in the state) fifth in wheat and seventh in corn and cattle 
1880-1920 Major l imestone quarying done in area 
1880 piped gas and water into homes m Bowling Green 
1890-1900 The tonnage of livestock increased more than five fold during the 1890s, and strawberries as well as oilier foal stuffs became important cash crops for area farmers 
1918-1940 Improvements of county roadways due to introduction of the automobile 
• 1 9 2 0 V prospecting for oil in the area 
1930'S Depression-WPA projects buildings, Bowling Green Sewar System, Mammoth Cave development 
1940 begin building of Bowling Green Airport 
Prior to 1940 the area's largest employers included1 
Western Kentucky Teachers College, with a faculty of 125, 
Pet Milk with 140 and 
Honey Crust Bread with 80 employees 
most businesses were locally owned and hired no more than several do7en workers. 
prevailing local sentiment apparently opposed llie introduction of heavy industry and us accompanying problems 
1941 Union Underwear was invited io open a plant m Bowling Green and shortly thereafter General Electrics Kcn-Rad (vacuum tubes for electronic^ 1 oca led in town 
by 1945 each employed 900+ 
1945-present c ^panwn of urban development 
1980-present maior residential development in Lost River Basin 
58 
References 
Anderson, Michael S. (2002) Transport of the Herbicide Atrazine on Suspended 
Sediments during a Spring Storm Event in Mammoth Cave, Kentucky. Masters 
Thesis. Western Kentucky University. 
Ashley, G.M., and L.E. Moritz (1979) Determination of Lacustrine Sedimentation Rates 
by Radioactive Fallout (137Cs), Pitts Lake, British Columbia. Canadian Journal 
of Earth Sciences v. 16 p.965-970. 
Baize, David G. (1990) A "DRASTIC Evaluation of the Ground-water Pollution Potential 
of Karst Terrain: Lost River Ground-water Basin, Warren County, Kentucky. 
Masters Thesis. Western Kentucky University. 157p. 
Bosch, Rachel F. and William B. White (2004). Lithofacies and Transport of Clastic 
Sediments in Karstic Aquifers. In: Studies of Cave Sediments: Physical and 
Chemical Records of Paleoclimate. Ed. Ira Sasowsky and John Mylroie. Kluwer 
Academic Pub. 
Brush, Grace S. (1999). Ecological Consequences of Soil Erosion and Sedimentation. 
International Journal of Sediment Research, v. 14 (2) p. 355-361. 
Costa, J.E. (1975) Effects of Agriculture on Erosion and Sedimentation in the Piedmont 
Province, Maryland. Geological Society of America Bulletin, v. 86 p. 1281-1286. 
Curry, William (2003) Using Cesium-137 to Understand Recent in Cave Sedimentation 
In the Tongass National Forest, Southeast Alaska. Masters Thesis, Western 
Kentucky University. 94 p. 
Davidson, Rev. R. (1840) An Excursion to the Mammoth Cave and the Barrens of 
Kentucky with Some Notice of Early Settlement of the State. Thomas, 
Cowperthwait, and Co.: Philadelphia, PA. 
Florsheim, J.L. and J.F. Mount (2003) Changes in Lowland Floodplain Sedimentation 
Processes: Pre-disturbance to Post-rehabilitation, Cosumnes River CA. 
Geomorphology v. 56 p.305-323. 
Ford, Trevor D. (2001) Sediments in Caves: An Outline Guide to the Sediment 
Found in Caves and what can be Learnt from Them. British Cave Research 
Association Cave Studies Series Number 9. North Yorks, UK: BCRA. 
Gerrard, J. (1992) Soil Geomorphology: an Integration of Pedology and 
Geomorphology. London: Chapman and Hall. 
Gilbert, G.K. (1917) Hydraulic Mining Debris in the Sierra Nevada. USGS Professional 
Paper, no. 105. 155p. 
Gottschalk, L.C. (1945) Effects of Soil Erosion on Navigation in Upper Chesapeake Bay. 
Geographical Review, v. 35 p. 219-238. 
Granger, Darryl E., Fabel, Derek, and Arthur N. Palmer (2001) Pliocene-Pleistocene 
incision of the Green River, Kentucky, determined from radioactive decay of 
cosmogenic 26 A1 and 10Be in Mammoth Cave sediments. Geological Society of 
America Bulletin v. 113 (7) p. 825-831. 
Groves, Chris (1987) Lithologic Controls on Karst Groundwater Flow, Lost River 
Groundwater Basin, Warren County, Kentucky. Masters Thesis. Western 
Kentucky University. 69p. 
Groves, Chris and Joe Meiman (2003-submitted) Frequency/Magnitude Relationships in 
the Evolution of a Karst Landscape/ Aquifer System. Geomorphology. 
Jacobson, R. B., and Karen Bobbitt Gran (1999) Gravel Sediment Routing from 
59 
Widespread, Low Intensity Landscape Disturbance, Current River Basin, 
Missouri. Earth Surface Processes and Landforms v. 24 p. 897-917. 
Knox, J.C. (1977) Human Impacts on Wisconsin Stream Channels. Annals of the 
Association of American Geographers, v. 67 p. 323-342. 
Knutson, Steve (2003) Oregon Caves National Monument; Resource Management 
Problems. NSS News. v. 61 (6) p. 148-152. 
Kondolf, G.M, Piegay, H., and N. Landon (2002) Channel Response to Increased and 
Decreased Bedload Supply from Land-use Change: Contrasts between Two 
Catchments. Geomorphology v. 45 p. 35-51. 
Palmer, Arthur N. (1981) A Geological Guide to Mammoth Cave National Park. 
Teaneck, New Jersey: Zephyrs Press. 
Palmer, Arthur N. (1991) The Origin and Morphology of Limestone Caves. Geologic 
Society of America Bulletin v. 103 (1) p. 1-21. 
Pasternack, G.B., Brush, G.S.. and W.B. Hilgartner (2001) Impact of Historic Land-use 
Change on Sediment Delivery to a Chesapeake Bay Subestuarine Delta. Earth 
Surface Processes and Landforms v. 26 p. 409-427. 
Pfaff, Rhonda Michelle (2003) Geographic Information System Methodologies to 
Evaluate Relationships between Land Use and Groundwater Quality in South 
Central Kentucky. Masters Thesis. Western Kentucky University. 96p. 
Rice, Donald E. (1982) Impact of Urban Storm water Runoff on the W'ater Quality of the 
Subsurface Lost River, Bowling Green, Kentucky. Masters Thesis. Western 
Kentucky University. 81 p. 
Ritchie, J.C., and J.R. McHenry (1990) Application of Radioactive Fallout Cesium-137 
for measuring Soil Erosion and Sediment Accumulation Rates and Patterns: A 
Review. Journal of Environmental Quality, v. 19 p215-233. 
Sasowsky, Ira D., and William B. White (1995) Determination of Stream Incision Rate in 
the Appalachian Plateaus by using Cave Sediment Paleomagnetism. Geology v. 
23 (5) p.415-418. 
Sidorchuk, A.Y., and V.N. Golosov (2003) Erosion and sedimentation on the Russian 
Plain, II: the history of erosion and sedimentation during the period of intensive 
agriculture. Hydrological Processes v. 17 p. 3347-3358. 
Springer, Gregory S. and J. Stephen Kite (1997) Cave Sedimentation, Genesis, and 
Erosional History in the Cheat River Canyon, West Virginia: Geological Society 
of America Bulletin v. 109 (5) p. 524-533. 
Stock, Greg M., Anderson Robert S., and Robert C. Finkel(2004) Pace of landscape 
evolution in the Sierra Nevada, California, revealed by cosmogenic dating of cave 
sediments. Geology, v.32 (3) p. 193-196. 
Turnage, K.M., Lee, S.Y., Foss, J.E., Kim, K.H., and I.L. Larson (1997) Comparison of 
Soil Erosion and Deposition Rates Using Radiocesium, RUSLE, and Buries Soils 
in Dolines in East Tennessee. Environmental Geology, v. 109 (5) p 524-532. 
Weiner, Steve, Goldberg, Paul, and Ofer Bar-Yosef (2002) Three-dimensional 
Distribution of Minerals in the Sediments of Hayonim Cave, Israel: Diagenetic 
Processes and Archaeological Implications: Journal of Archaeological Science 
v29 (11) p. 1289-1309. 
White, William B. (1988) Geomorphology and Hydrology of Karst Terrains. New York: 
Oxford Press. 
